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Disclaimer
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Summary
A  groundwater study was carried out in the townsite of Dowerin.  It aimed to
accelerate the implementation of effective salinity management options.  The study
consisted of a drilling investigation and expansion of a piezometer network, a
pumping test, groundwater flow modelling and flood risk analysis.
Twenty-one monitoring piezometers and bores and a production bore were installed
at 12 sites.  The depth to granite basement at these sites ranged from 17 to 39 m.
However, mafic bedrock was struck at only 14 m at a site in the south-west corner of
the town, and at another site just to its north, biotite schist overlaid the granite.  The
deepest regolith was intercepted at the Field Day Site in the north of the town, while
a bore drilled behind the Shire Offices (in the south-west of the town) during an
earlier investigation intercepted granite basement at only 8 m.  At most sites, the
regolith consisted of deeply weathered granite covered by up to 6 m of colluvial and
alluvial material.  Several bores intercepted narrow (less than 0.5 m) grey quartz
veins within the saprolitic residuum.  Two bores (one in the east of the town and the
one in the south-west) passed through mafic clay indicative of weathered dolerite
and gabbro.
The depth to the watertable varied from about 1 m low in the landscape in the north-
west of the town to about 9 m in the upper landscape and eastern part.  All bores
along Stewart Street (the main commercial street, on the western edge of the town)
indicated the watertable was within 2 m of the ground surface.  Water samples taken
from the shallow observation bores were fresh to moderately saline, varying from
about 90 to 1,870 mS/m.  At most sites, the electrical conductivity of the groundwater
increased with depth, and increased westwards (samples from deep piezometers
ranged from about 690 to 1,500 mS/m).
The constant rate pumping test was run for just over three days but the drawdown
effects did not extend far: the watertable only fell about 0.1 m at a site about 45 m
from the production bore.
The short groundwater level records for monitoring sites installed in 1998 indicated
that groundwater pressures below the town might be rising.  It is essential that the
monitoring network be measured frequently, regularly and for a long period so that
the salinity risk can be determined.
It was assumed that groundwater levels below the town are affected by recharge
within the townsite zone and by groundwater flowing in from below surrounding
slopes, and occasionally from below the valley floor of the Tin Dog Creek, downslope
of the town.  There is not yet enough information to determine when and where most
recharge occurs.  However, some general recommendations for managing the risk
were made.  There are opportunities to reduce townsite recharge immediately, and
some of these would have additional benefits.  Particular attention should be paid to
improving surface water drainage throughout the town.  Groundwater abstraction
may not be effective because the geological characteristics of the townsite would
limit the zone of impact to small areas.  This option would need careful and thorough
investigation before being implemented.
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1. Introduction and background
Author:  Louise Hopgood (Agriculture Western Australia)
The Rural Towns Program commissioned a groundwater study of the Dowerin
townsite.  It was part of a larger investigation (called the Community Bores Project)
which aimed to accelerate the implementation of effective salinity management
options in 23 towns in rural south-western Australia.
For Dowerin, the groundwater study included a drilling program, installation of
piezometers, a pumping test, groundwater flow modelling and flood risk analysis.
The flood risk analysis aimed to assess how frequently substantial volumes of flood
water accumulated in the town and formed a potential source of groundwater
recharge.  This report documents the background information for the town and its
catchment (Sections 1.1 to 1.5) and the hydrogeological and flood risk investigations
(Sections 2 to 4) and then recommends steps for managing the salinity issues of the
town effectively (Section 5).
Previous studies (see Section 2.1) indicated that there was a shallow watertable
below parts of the Dowerin townsite.  The majority of the business district sits low in
the landscape and buildings have been affected by this shallow watertable.  The
railway line and grain depot west of the town and the water reserve south-west of the
town are also affected by salinity.
Dowerin townsite (31°12' S, 117°02' E) is 156 km north-east of Perth in the central
wheatbelt (Figure 1-1).  The townsite covers an area of approximately 180 ha (Figure
1-2).  The population of the district is 820, including 370 people residing in the town.
Western Australia’s largest agricultural machinery display is held in August each year
at the Field Day Site in the north-east of the town (Figure 1-3).
Figure 1-1.  Regional setting of the Dowerin townsite
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1.1 Description of the catchment
The Dowerin townsite is in the central part of the Tin Dog Creek catchment that runs
north to south for about 15 km (Figure 1-2).  Tin Dog Creek is approximately 500 m
west of the townsite and drains to Lake Dowerin.  A poorly-defined westerly-trending
tributary to Tin Dog Creek runs through the town, draining part of the catchment
containing the townsite (the 'Dowerin town catchment').  The Dowerin town
catchment covers an area of approximately 470 ha and varies in elevation from
272 m above Australian Height Datum (AHD) in the west at Tin Dog Creek to 336 m
above AHD in the east.
Most of the Tin Dog Creek catchment has been cleared for cereal production and
sheep and cattle grazing.  BSD Consultants Pty Ltd (1997) indicated that less than
5 per cent of the catchment north of the Dowerin townsite had remnant vegetation.
The Dowerin town dam is directly south-west of the town within a 63 ha water
reserve (Figure 1-3).
The Dowerin town catchment has been extensively cleared.  Just one patch of
vegetation remains and covers 5 ha in the north (Figure 1-2).  The Field Day Site and
recreation ground cover most of the catchment.  The remainder contains the
residential and business districts.  The southern portion of the residential area sits on
a hilltop that marks the divide of the Dowerin town catchment.
1.2 Geology
The geology of the Dowerin district is dominated by granite and gneiss of the
Archaean Yilgarn Craton (Chin 1986).  The Archaean rocks have been intruded by
dolerite dyke swarms of Proterozoic age.  Geological mapping and interpretation of
ground magnetic data directly north-west of the Dowerin townsite by Lewis (1995)
detailed a broad south-east trending zone of sheared bedrock and quartz veining
and a set of north-west to west trending dolerite dykes.
Alluvium of Tertiary age overlies basement granite and gneiss on the valley floor in
the western part of Dowerin.  The alluvium forms part of the Trayning Land
Subsystem of loamy and sandy soils (Grealish and Wagnon 1995).  On the hill
slopes in the east of the town, the soil consists of Quaternary colluvium which is part
of the Nembudding Land Subsystem of loamy duplex soils, deep sands and sandy
gravels.
1.3 Climate
The climate is semi-arid with hot, dry summers and cool winters.  Dowerin has an
average annual rainfall of 367 mm, 60 per cent of which falls between May and
August (Table 1-1).  Rainfall patterns in the six months leading up to this study were
atypical with January 2000 reporting the highest January rainfall on record whilst
June 2000 received just half its usual rainfall (Table 1-1).  The evaporation rate at
Dowerin is high at approximately 2,200 mm/year (Luke et al. 1987).
DOWERIN GROUNDWATER STUDY
3
Table 1-1.  Mean monthly rainfall (mm) and monthly rainfall (mm) for 2000 at
Dowerin Post Office (Bureau of Meteorology 2000, pers. comm.)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 13.3 15.4 20.2 22.9 48.9 65.4 62.7 46.6 28.4 19.0 12.8 11.5
2000 151.8 0.0 49.2 10.2 14.4 27.0 70.8 51.0 13.4 1.4 2.0 1.0
1.4 Hydrogeology
A zone of sheared bedrock and quartz veining interpreted by Lewis (1995) in the
upper Tin Dog Creek catchment directly north of Dowerin channels groundwater
towards the townsite.  A set of dolerite dykes inferred between the shear zone and
the townsite act as groundwater barriers restricting subsurface flow to the townsite.
A hydrogeology study by Walker (1999) indicated that there are no mid-catchment
barriers in the Dowerin town catchment and that groundwater flow gradients were
uniform.
The water reserve and railway line in the valley west of the town are discharge sites.
Upward hydrostatic pressure brings groundwater to the surface (Walker 2000).
1.5 Drainage
Dowerin sits within the Zone of Ancient Drainage (Lantzke and Fulton 1993).  The
southern and eastern parts of the townsite are high in the landscape.  The landscape
falls gently to the west to the valley of the Tin Dog Creek to the west of Dowerin.  Tin
Dog Creek is an ephemeral watercourse and drains to the south.  Winter flows
reaching the town dam from Tin Dog Creek were previously saline, however, a
barrier now diverts this water around the town so that only street run-off reaches the
dam (BSD Consultants Pty Ltd 1997).  The street run-off is collected via a 1 m-deep
drain that runs between the railway line and Stewart Street in the northern part of the
town (Figure 1-3).
A poorly-defined eastern tributary to Tin Dog Creek passes through the Dowerin
Field Day Site and forms a further drainage system.  Substantial volumes of fresh
water run off the Field Day Site.  Interpretation of the Dowerin townsite 2 m-contour
map and aerial photographs indicates that drainage is westerly.
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Figure 1-2.  Location of the Dowerin townsite in its catchment
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Figure 1-3a.
Figure 1-3b.  Piezometer and bore locations, groundwater level depths below ground
level (in metres) and electrical conductivity values (in milliSiemens per metre)
on 21 November 2000: a:  pre-existing bores;  b:  Community Bore Project
piezometers and bores
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2. Hydrogeology investigation
Authors:  Louise Hopgood (Agriculture Western Australia) and Fay Lewis (Fay Lewis
Consulting)
The hydrogeology investigation aimed to determine which salinity management
options would be most effective in Dowerin.  The investigation included a drilling
program coupled with the expansion of a piezometer monitoring network, a pumping
test and groundwater flow modelling.  The methods used, the results and the
interpretations of the results are described in Sections 2.2 to 2.4, and management
options are discussed in Section 2.5.  The effects of some of these options were
then tested using the groundwater flow model (Section 3).
2.1 Pre-existing information
2.1.1 Geophysics
The Tin Dog Creek Catchment Group carried out a ground magnetic survey over the
upper Tin Dog Creek catchment, north-west of the Dowerin townsite, in 1995.
Lewis (1995) interpreted the data (see Section 1.2).
The Tin Dog Creek catchment was covered by an aeromagnetic and radiometric
survey undertaken by World Geoscience for Stockdale Prospecting Ltd.  Geo &
Hydro Environmental Management Pty Ltd (1998) stated that an interpretation of the
data indicated no unusual structures beneath the townsite or in the catchment above
it.  However, the scale of the survey was too broad to allow for any detailed
interpretation of the geology and structures beneath Dowerin.
2.1.2 Soil sampling
Geo & Hydro Environmental Management Pty Ltd (1998) collected soil samples at 13
sites throughout the Dowerin town catchment in June 1998.  The samples were
analysed for electrical conductivity and acidity.  Results showed that the townsite
soils were relatively free of salt and that soil salinity increased towards the western
and downslope side of the townsite.  Indications were that sodicity is a risk in some
parts of the town catchment area.
2.1.3 Drilling
One bore (named AWFD) was drilled by A. Brown of Airwell in 1992 at the Field Day
Site (Figure 1-3a).  This bore is used each year as a pump demonstration.
Five nests comprising fifteen bores (2.5 to 8.5 m deep) were drilled during 1993 and
1994 in the water reserve west of the town.  Further details, including water level and
salinity monitoring data, are available in Walker (2000).
Nine monitoring bores were completed in the town catchment area during 1998,
forming part of a hydrogeology survey by Walker (1999). The locations of eight of
these are shown in Figure 1-3a; the ninth, believed to be near the eastern catchment
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boundary, was not located during the survey in 2000.  Five HQ3 diamond holes and
four rotary air blast (RAB) bores were drilled (Table 2-1) and 50 mm-diameter PVC
casing, with between 2 and 8 m of slotted casing at the base, was installed.  The
bores were gravel-packed, back-filled (with surface material and drill cuttings) and
then sealed close to the surface by bentonite clay.
An examination of the diamond core by Walker (1999) indicated that water migration
in the saprolite clay zone occurred via four types of preferred pathways.  The
pathways described were root channels, gravel pisolith beds, solution tubes and
fractures.  Soil samples from the RAB holes were analysed for electrical conductivity
and pH.  Bores were monitored on a regular basis for water level and salinity.  The
bores at the Landcare Centre (LCC2) and Shire Office (RSO) were found to be high
in soil salinity and sodicity.  A typical groundwater salinity of 1000 mS/m with a
neutral pH was indicated beneath the built-up area of the townsite with salinity
increasing and depth to watertable decreasing towards the west.
Two shallow bores (LCC3 and LCC4) were drilled by RAB opposite the Landcare
Centre in October 1999 (Figure 1-3a).  They formed part of a 23-bore program in
which bores were equipped with floats.  The bores were installed with 65 mm-
diameter casing and sealed at the base of the hole using a clay sealant.  Further
details are available in Walker (2000).
Table 2-1.  Details of previous drilling and bore construction (from
Walker 2000)
Bore name Date drilled Drilled depth Total casing
length
Casing height above
ground level
Screen depth below
ground level
(m) (m) (m) (m)
AWFD 1/01/92 21.3 21.35 0.42 na*
LCC1 28/09/98 15.2 15.20 0.00 9.5—15.2
EHMA 29/09/98 12.2 12.20 0.00 6.0—12.2
HGJR 29/09/98 12.2 12.20 0.00 6.0—12.2
NEDB 28/09/98 12.2 12.20 0.00 6.0—12.2
PSWR 30/09/98 12.2 12.20 0.00 10.0—12.2
LCC2 14/10/98 20.5 20.00 0.00 19.0—20.0
SWDB 14/10/98 12.0 12.00 0.00 4.0—12.0
RSO 14/10/98 12.0 12.00 0.00 6.0—12.0
LCC3 1/10/99 3.4 3.43 0.26 na*
LCC4 1/10/99 7.3 7.37 0.26 na*
* na – not available
2.1.4 Groundwater levels
Groundwater level data was available from October 1998 to November 2000 for the
bores installed by Walker in 1998 (Walker 2000 and Agriculture Western Australia's
AgBores database).  Hydrographs for three of them are shown in Figure 2-1.
Though two years of monitoring data are not sufficient to determine long-term trends
in depth to the watertable, a short-term trend in Dowerin can be interpreted.  The two
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deeper water levels showed a rise for the two years of between 0.4 and 0.5 m.  In
November 2000, the water at site LCC1 was 2.2 m below ground level, which was
the same as in October 1998.  Most bores reached their highest levels after the
exceptionally high rainfall of January 2000.
Figure 2-1.  Groundwater level measurements of three bores installed in 1998
2.2 Method
A drilling program took place in the townsite during June 2000 (Figure 1-3b and
Table 2-2).  Twenty-one monitoring bores were installed at 11 sites (named 00DW01
to 00DW11).  Ten holes, from 6 to 12 m in depth, were drilled for observation bores,
and 11 holes, 14 to 39.5 m in depth, were drilled for piezometers.  Observation bores
indicate the depth to the watertable while the piezometers measure the groundwater
hydraulic head.  The monitoring bores were named according to the year in which
they were drilled, the site and their construction.  For example, an observation bore
drilled in 2000 at site DW01 was named 00DW01OB, while the piezometer drilled in
2000 at that site was named 00DW01D.  A production bore (00DWP01) for a
pumping test was installed to a depth of 33 m.
2.2.1 Drill site selection
The monitoring bores were drilled in a variety of landscape units from mid-slope to
the valley floor to form a network across the town and to complement existing bores.
The first nine monitoring sites (00DW01 to 00DW09) complete three section lines
trending south across Dowerin, perpendicular to the inferred groundwater flow
direction.  At each site, a piezometer and an observation bore were installed.
The production bore (00DWP01) targeted material with a moderate water yield
identified during drilling of bore 00DW07D, which was low in the landscape in the
west of the town.  The final two monitoring sites (00DW10 and 00DW11) were
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installed as part of a network around the production bore.  Bores from previous
drilling programs also formed part of this network.
2.2.2 Drilling methods
Monitoring and production bores were drilled by contractor Drilling and Grouting
Services Pty Ltd.  The monitoring bores were drilled using a reverse circulation drill
rig with a 141 mm-diameter 'air-core' drill bit.  Drill samples were collected via a
cyclone.  During drilling, water was injected into the majority of holes for piezometers
and several of those for observation bores in order to bring up the sample without
blocking the sample hose.  The production bore was drilled using 'mud-rotary'
methods with a 216 mm-diameter drill bit.
2.2.3 Piezometer, observation bore and production bore construction
Class 12 PVC casings of 50 mm diameter with PVC end caps were installed in the
observation bores and piezometers.  At the completion of drilling, the casing was
inserted down the drill rods, inside the inner tube, and cut at the surface so that 0.5
to 1 m protruded above ground level.
Observation bores contain 4 m of slotted casing at the base of the hole and their
annuluses were gravel-packed to the surface.  A steel standpipe 0.70 m high with a
screw top was cemented in place over each bore.
Piezometers contain 2 m of slotted casing at the base of the hole, the annuluses of
which were gravel-packed then sealed with bentonite pellets and backfilled to the
surface.  At the surface, a cement seal was placed around each piezometer to a
height of about 0.20 m.  A soak well collar was then placed around the piezometer
and its sealed annulus. Steel standpipes approximately 0.70 m high with lockable
caps cover the piezometers (Water and Rivers Commission lock 581).
The production bore was set up with class 9 PVC casing of 127 mm diameter.  The
casing was slotted from 5 m below ground to the base of the hole and the annulus
was gravel-packed to the surface.  A steel standpipe about 0.70 m high with a
lockable cap covers the production bore (Water and Rivers Commission lock 581).
Piezometers were developed by 'air-lifting' (injecting compressed air down into them)
for 15 to 45 minutes.  The production bore was developed for 16 hours using water
jets, air jets and chemical jets and then air-lifting.
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Table 2-2.  Community Bore Project construction details and yields (OB:
observation bore;  D: piezometer;  P: production bore)
Bore name Date drilled Drilled
depth
Total
casing
length
Casing
height above
ground level
Screen depth
below ground
level
Estimated
yield
(m) (m) (m) (m) (m3/day)
00DW01D 14/06/00 26.0 26.78 0.73 24.1—26.1 0*
00DW01OB 14/06/00 12.0 12.37 0.72 7.7—11.7
00DW02D 15/06/00 18.0 18.57 0.76 15.8—17.8 20*
00DW02OB 15/06/00 8.0 8.68 0.70 4.0—8.0
00DW03D 15/06/00 39.5 34.13 0.78 31.4—33.4 0*
00DW03OB 15/06/00 8.0 8.92 0.77 4.2—8.2
00DW04D 16/06/00 27.0 27.65 0.71 24.9—26.9 5*
00DW04OB 16/06/00 8.0 8.62 0.73 3.9—7.9
00DW05D 16/06/00 31.5 31.79 0.68 29.1—31.1 5*
00DW05OB 16/06/00 10.0 10.70 0.70 6.0—10.0
00DW06D 16/06/00 26.0 26.04 0.73 23.3—25.3 5*
00DW06OB 16/06/00 8.0 8.40 0.70 3.7—7.7
00DW07D 17/06/00 35.0 35.21 0.72 32.5—34.5 60*
00DW07OB 17/06/00 6.0 6.64 0.72 1.9—5.9
00DW08D 17/06/00 29.0 29.87 0.69 27.2—29.2 10*
00DW08OB 17/06/00 6.0 6.55 0.78 1.8—5.8
00DW09D 18/06/00 14.0 14.45 0.72 11.7—13.7 10*
00DW09OB 18/06/00 6.0 6.58 0.75 1.8—5.8
00DW10D 18/06/00 35.0 35.48 0.76 32.7—34.7 5*
00DW11D 18/06/00 34.0 34.19 0.71 31.5—33.50 30*
00DW11OB 18/06/00 6.0 6.60 0.76 1.8—5.8
00DWP01 19/06/00 35.0 33.10 0.10 5.0—33.0 60**
*  yield from 2 m of slotted casing at base of bore;  **  yield from entire bore
2.2.4 Drill sample analyses
A sample was collected (about 250 g) from each metre drilled and placed in a plastic
bag.  Samples were oven-dried and a portion placed in a chip tray in order to keep a
permanent geological record of each bore.  No further analysis of drill samples was
carried out.
2.2.5 Groundwater sample analyses
Groundwater levels were measured and water samples collected from each bore on
a monthly basis commencing approximately one week after completion of drilling.
Water samples were also collected from the bores drilled before June 2000.  The
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electrical conductivity (EC) and pH values of the samples were measured in the
Agriculture Western Australia laboratories in Perth.
2.2.6 Surveying
Surveying was carried out by contractors Warren King and Co using a dual
frequency global positioning system (GPS).  A base station set up on a standard
survey mark provided a roving unit with continual corrections via a radio link.
Measurements were taken at the top of the PVC casing and at ground level for each
bore in the townsite, with the exception of those piezometers drilled in June 2000 at
which their concrete bases precluded a ground measurement.
The accuracy of the GPS was checked by locating a second standard survey mark in
Dowerin.  The accuracy was calculated to be similar to the ±30 mm horizontal and
±40 mm vertical accuracies quoted by Warren King and Co (2000) for other towns
they surveyed for the Community Bores Project.
2.2.7 Groundwater yield estimates and pumping tests
Groundwater yields in the piezometers and production bore were estimated during
air-lifting.
Multi-rate and constant-rate pumping tests were carried out by Test Pumping
Australia to establish aquifer parameters in the sediments.  The test methods are
described in Appendix 2.
2.3 Results
2.3.1 Profile descriptions
Detailed drill logs are available 
Schematic cross-sections were prepared for the paths shown in
Figure 2-2 and presented in Figures 2-3 to 2-5.
The depth to granite basement in the bores drilled in the 2000 program varied from
17 to 39 m.  Mafic bedrock was struck at 14 m at site 00DW09.  The deepest regolith
was intercepted at the Field Day Site in the north of the town (site 00DW03D).  A
deep regolith is not a feature of the entire town as indicated by bore RSO drilled in
1998. This bore, situated behind the Shire Offices (Figure 1-3a), is close to the town
catchment divide and intercepted granite basement at 8 m.
The regolith consisted of deeply weathered granite covered by up to 6 m of colluvial
and alluvial material.  At many of the sites, the top of the profile has been disturbed
by activities such as road verge construction.  Several metres of gravelly clay and
loam at the surface overlay 3 m of clay at the Field Day Site and up to 4 m of sand in
the remainder of the town.  A band of hard silcrete interlayered with fine clay and
sands, 4 to 13 m thick, to a depth of up to 16 m, was below.  In some areas, a
transition from silcrete to indurated saprolite occurred at the base of this zone.  The
indurated saprolite consisted of medium-grained transparent quartz crystals in a
white, very fine-grained matrix of indurated clays.
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A zone of highly-leached, white to pale yellow and pink pallid zone saprolite clays
with minor transparent quartz crystals was beneath, varying in thickness from 10 to
21 m, to a depth of up to 35 m.  An exception was 00DW02D at the Field Day Site,
which intercepted just 2 m of saprolite clay.  Several bores intercepted narrow (less
than 0.5 m) grey quartz veins within the saprolite clay zone.
Bore 00DW06D in the east of the town did not intercept pallid zone clay, instead
passing through a layer of mafic clay indicative of weathered dolerite.  The south-
western bore (00DW09D) did not intercept a deeply-weathered regolith, passing from
silcrete into a narrow interval of mafic clay and gabbro.  Bore 00DW08D, directly
north of the Stewart Street fountains, intercepted clay-rich biotite schist beneath the
saprolite clay zone.
A zone of coarse saprolite grits, 1 to 5 m thick, consisting of light brown to yellow clay
with quartz and feldspar crystals up to 8 mm in diameter, was found beneath the
saprolite clay.  At and directly north of the production bore site, a zone of granitic
saprock consisting of fragments of granite (quartz-feldspar-minor biotite) was below,
and was up to 4 m thick above the granite basement.  The remaining holes had no
intervening zone of granitic saprock, changing abruptly from saprolite grits to granite
basement.
2.3.2 Groundwater levels
The piezometer and bore network was monitored on four occasions between June
and November 2000 (Appendix 1).  The depth to the watertable below Dowerin
reflected the position in the landscape of the bore monitored (except at site 00DW09,
where the levels were anomalously deep, Figures 1-3 and 2-4).  The depth to the
watertable varied from about 1 m low in the landscape in the north-western part of
the town to about 9 m in the upper landscape and eastern part (Figure 1-3).  All
bores along Stewart Street, in the west of the town, indicated the watertable was
within 2 m of the ground surface.  The central westerly-trending valley through the
Field Day Site also showed shallower water levels towards the west, varying from 4.2
to 1.3 m beneath the surface.
2.3.3 Groundwater head elevations
Groundwater level elevations are tabulated in Appendix 1.  Most of bore sites in
Dowerin indicated a slight downward hydraulic gradient with differences between
depth to water in piezometers and observation bores varying from 0.03 m to 0.29 m
(average 0.15 m).  However, the differences in water levels may reflect the errors
inherent in the measurement of bore elevations and water levels.
The difference in hydraulic head at site 00DW09D was clearer.  The elevation of the
hydraulic head in the piezometer was about 1.8 m higher than that in the observation
bore (Figures 1-3b and 2-4).
Lateral changes in head elevation generally followed the fall of the land surface (e.g.
Figure 2-3).  However, the elevations in both the piezometer and observation bore at
site 00DW09 were low relative to the ground elevation (Figure 2-4).
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Figure 2-2.  Locations of cross-sections shown in Figures 2-3 to 2-5
Figure 2-3.  Cross-section from west to east (see Figure 2-2 for location)
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Figure 2-4.  Cross-section from north to south (see Figure 2-2 for location)
Figure 2-5.  Cross-section from north to south across the Dowerin Field Day Site
(see Figure 2-2 for location)
2.3.4 Groundwater electrical conductivity values
EC values of the groundwater samples are listed in Appendix 2.
Water samples taken from the shallow observation bores in Dowerin were fresh to
moderately saline, varying from about 90 to 1,870 mS/m.  The salinity levels did not
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indicate a trend across the town as both fresh and moderately saline water occurred
in the western part of the town.
In most cases, the water sample taken from a deep piezometer returned a
significantly higher EC value than that from the observation bore at the same site,
varying from about 690 to 1,500 mS/m.  The salinity level was highest in the western
part of the town.  Measurements from the four piezometers along Stewart Street
varied from about 1,040 to 1,500 mS/m.  An exception was the south-west
piezometer (00DW09D) which was significantly less saline at about 330 mS/m.
Water from the production bore was moderately saline at about 950 mS/m.
2.3.5 Estimated groundwater yields, pumping test drawdowns and aquifer
parameters
The yields of the monitoring bores varied from negligible for two bores at the Field
Day Site to relatively high yields of about 30 and 60 m3/day (Table 2-2).  The high
yields were returned from two bores situated low in the landscape along Stewart
Street (00DW07D and 00DW11D).  The production bore, directly south of the high
yielding bores, attained an estimated yield of about 60 m3/day.
Details of the pumping tests are given in Appendix 2.  The estimated 'safe' long-term
pumping rate was considered to be only 0.3 L/s (about 26 m3/day).  The production
bore intake interval extended from 5 m depth to the base of the bore, so water could
enter the bore from most zones of the regolith.
The drawdown plot for the production bore during the constant rate test (Figure 2-6)
shows a sharp change in slope after about 5 minutes, and again after about
8 minutes.  Records supplied by Test Pumping Australia did not make any relevant
comments during this period, so it is not known whether the pumping rate was
adjusted.  However, it appears to be the most likely explanation as no similar change
in slope was recorded during the multi-rate test (Appendix 2).  The drawdown had
approached steady state by the end of the test.
Drawdowns at nearby monitoring sites were small (Figures 2-7 and 2-8).  At most
sites, the water levels actually rose again towards the end of the test (some other
anomalies are discussed in the next paragraph).  Rainfall of 7.8 mm was recorded by
Test Pumping Australia during the test.  This relatively small amount is not likely to
have been enough to cause the observed groundwater rises.  Test Pumping
Australia also recorded changes in barometric pressure, and the groundwater level
fluctuations appear to have responded to these (Figure 2-9).  Conveniently, the
barometric pressure at the end of the pumping test was similar to that at the start.
The implications are that the pumping test produced no drawdown in 00DW08OB;
negligible drawdown in 00DW08D;  about 0.1 m drawdown in 00DW07OB and less
than 0.3 m drawdown in 00DW07D.  Similarly, at the other monitoring sites, the final
drawdown figure is considered to represent the drawdown due to pumping, and the
earlier, slightly greater drawdowns to include the additional effects of fluctuating
barometric pressure.
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Readings taken in the monitoring piezometers and bores after 180 and 240 minutes
are anomalous (Figures 2-7 and 2-8) and were assumed to be due to measurement
error.  The final reading for piezometer 00DW08D was also considered unreliable.
The shape of the 'cone of depression' could not be determined from the available
monitoring piezometers and bores.  However, the drawdown in 00DW07D was much
less than in 00DW10D, and since the former was about 42 m north of the production
bore, and the latter about 35 m south of the production bore, it appears that the
effects of pumping were anisotropic.
The elevations of the intake intervals of the piezometers and observation bores did
not match that of the production bore, but the piezometers indicated that the impact
of the pumping increased with intake depth (Figures 2-7 and 2-8), probably because
of changes in regolith lithology with depth.
It is not known which parts of the drawdown curves were used by Test Pumping
Australia to calculate aquifer parameters (Appendix 2) so the values should only be
used with caution.
Figure 2-6.  Semi-log plot of production bore drawdown versus time for constant rate
test
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Figure 2-7.  Semi-log plot of drawdowns versus time for piezometers and observation
bores at about 20 m (site 00DW11) and 35 m (site 00DW10) lateral distance
from the production bore
Figure 2-8.  Semi-log plot of drawdowns versus time for piezometers and observation
bores at about 40 m (site 00DW07) and 150 m (site 00DW08) lateral distance
from the production bore
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Figure 2-9.  Comparison of groundwater level fluctuations and barometric pressure
fluctuations during the pumping test
2.4 Interpretation and discussion
This section presents an interpretation of the hydrogeology (in terms of recharge,
groundwater flow and discharge processes) affecting Dowerin, based on the
available information.  It then discusses the risk of further salinity and the options for
managing it.
2.4.1 Recharge
A simple zoning system for considering the sources of groundwater recharge
affecting a townsite was applied to the towns in the Community Bores Project.  It is
described and then applied to Dowerin.
2.4.1.1 The three recharge zones
The following comments assume that the recharge that causes groundwater to rise
below townsites can occur in three 'zones':
1. the townsite itself;
2. the land above and adjacent to the townsite;  and
3. the land downslope of the townsite.
Within the townsite zone, the contribution of water can come from:
• direct recharge from rain infiltrating into the ground where it falls;
• recharge from imported water supplies (e.g.  leakages from pipes and storage
facilities, overwatering, sewerage systems);
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• indirect recharge below ponding areas which collect surface run-off generated
on the slopes above the town and on the hard surfaces within the town;  and
• indirect recharge below flowing surface water (seasonal creek flows, overland
flow and unusual floods).
Recharge occurring on land upslope and adjacent to the town can affect
groundwater levels below the town if the groundwater systems below the zones are
connected.  In most cases, the source of the recharge will be rain (rather than
imported water supplies) and may be direct or indirect.
The groundwater system below land downslope of the town can affect the
groundwater levels below the townsite in two ways.  High groundwater levels
downslope may:
• cause the downslope groundwater system to 'encroach' under the town;  and
• inhibit the outflow of groundwater from below the town.
Again, the degree of connection between the groundwater bodies below the two
zones will influence the magnitude of the effect of the downslope zone on the
townsite groundwater levels.  Groundwater levels in the downslope zone may be
influenced by rain falling on the zone and surface water and groundwater flowing in
from other areas.
The relative importance of these three zones differs from town to town but cannot be
quantified with only the available data.  Also, the importance of the different recharge
processes will vary from year to year and from season to season.  However, one
generalisation can be made.  If a townsite (or part of a townsite) zone clearly has
negligible groundwater input from other zones, but still has problems caused by high
groundwater levels, then it can be concluded that the water causing the problems is
recharged solely within the townsite (or that part of the townsite).  This is the case in
several of the towns in the Community Bores Project.  The next implication that can
be drawn is that townsite recharge is also likely to be an important cause of
groundwater rises in other towns, even if groundwater systems from other zones also
contribute.
2.4.1.2 Dowerin recharge zones
For the purpose of discussing recharge zones for Dowerin, the water reserve to the
west of Stewart Street (Figure 1-3) was included in the downslope zone rather than
the townsite zone (which did, however, include the grain depot).
Possible sources of recharge within the townsite zone are rainfall, supplies brought
in for residents to use, and surface water flowing in as run-off and streamflow from
up-slope areas.  Some limited inferences about when and where recharge occurs
can be made from observations.  Along Stewart Street, the profile of gravelly sand at
the surface underlain by sand may allow easy infiltration of fresh water.  Although a
previous study (Walker 1999) indicated a trend of increasing groundwater salinity
towards the west of the town, no such trend was observed in the level of salinity in
the shallow observation bores in this study.  In the western part of the town, both
fresh and moderately saline water samples were collected from bores.  In general,
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water samples from the shallow observation bores were much less saline than those
from the piezometers.  Many of the monitoring sites sit low in the landscape, directly
below the residential area of Dowerin.  It is probable that fresh water from street run-
off has led to a zone of relatively fresh water at the top of the profile at some of the
monitoring sites.  A drain directly west of the Stewart Street monitoring sites collects
street run-off and remains wet for most of the year.  The water ponded in it may also
contribute recharge to the groundwater monitored by the observation bores.
Information from long-term, frequent and regular groundwater monitoring is required
to give a clear picture of the important sources of recharge below the townsite.
There is also a lack of information on recharge in the other two zones (the slopes
zone to the east and north and the downslope zone to the west).  Information on
geology, topography and land uses was used to infer whether the groundwater
systems below these two zones were also likely to have important influences on
groundwater levels below the town.
Most of the land upslope of the town is under agriculture, so recharge was assumed
to occur throughout that zone.  It is not known whether the groundwater systems
below the slopes zone are well-connected to those below the townsite zone.  Mafic
dykes can act as groundwater barriers, and several have been identified running
approximately west to east, north of the town (Section 1.2).  The drilling investigation
identified mafic bedrock and regolith derived from mafic bedrock within the townsite
(Section 2.3.1).  It is, therefore, possible that mafic dykes prevent groundwater
flowing from the slopes zone to the townsite zone.  If such barriers exist, they are
more likely to inhibit groundwater flowing from the northern slopes than from the
eastern slopes, since most dykes in the area trend west to east.
Groundwater levels below the downslope zone (the valley floor of the Tin Dog
Creek, directly west of the town) are high, and so groundwater outflow from the
townsite zone to this downslope zone is assumed to be low.  There are several
possible sources of the groundwater below the downslope zone (groundwater inflow
from higher up the Tin Dog Creek catchment, from below the slopes to the west, and
from below the townsite zone;  and recharge occurring within the downslope zone
from rain falling on it and surface water flowing onto it).  It is not known whether
conditions ever arise which cause groundwater to flow from the downslope zone to
the townsite zone.
In summary, it can be assumed that the groundwater levels below the town are
affected by recharge within the townsite zone and by groundwater flowing in from
below land upslope to the east and north, and possibly occasionally downslope, of
the town.  Long-term frequent and regular monitoring of groundwater levels in the
different zones can show where the important recharge areas are and when they are
active.  Therefore, the network is a valuable asset.
2.4.2 Groundwater flow systems
The deeply weathered granite profile at Dowerin displays many hydrogeological
characteristics typical of granite profiles throughout the Yilgarn Craton.
The zone of coarse saprolite grits and granitic saprock at the base of the regolith is
interpreted as the main aquifer throughout the town of Dowerin.  Previous studies
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(George and Frantom 1990a, 1990b, 1990c) have shown the saprolite grit zone to be
the main aquifer in catchments across the central and eastern wheatbelt.  The high-
yielding bores in Dowerin pass through a relatively thick zone of saprolite grits and
granitic saprock in comparison with the low-yielding bores.  The granitic saprock,
consisting of highly fractured granite, is important for water yield in Dowerin.  This
zone was only identified at and directly north of the production bore site (00DWP01).
The zone of saprolite grits and granitic saprock at the weathering front is highly
permeable in comparison with the saprolite clay zone, which forms an aquitard.  A
study by George (1992) in the central and eastern wheatbelt indicated that the
hydraulic conductivity of the saprolite grits is an order of magnitude higher at 0.5-
0.6 m/day than that of the intensely weathered saprolite clay (0.06 m/day) with the
saprolite clay capable of only minor lateral flow.
The saprolite grit aquifer is likely to be semi-confined.  Most of the deeper aquifers in
the agricultural areas of Western Australia are semi-confined with some leakage
downwards into them, or upwards towards the surface if they are under pressure
(Nulsen 1997).  The similarity in hydraulic head levels between the deep piezometers
and the shallow observation bores indicates that there is good vertical hydraulic
connection throughout the regolith.
It is likely that barriers to groundwater flow exist beneath the Dowerin townsite,
contrary to the findings of Walker (1999).  The shallow groundwater levels developed
in the low-lying areas around the Tin Dog Creek and Stewart Street indicate that
groundwater outflow from below the valley towards the south is inhibited.  The
topographic contours (Figure 1-2) show the southern boundary of the townsite is
located on a prominent spur that strikes east to west.  Sites drilled on this spur
(00DW09, RSO) had relatively shallow bedrock, and that at site 00DW09 was
gabbroic (implying that a relatively wide dyke was present).  Groundwater levels at
site 00DW09 were anomalous in that their elevations were markedly lower than
those at sites to the north, and in that the level of water in the deeper piezometer
was distinctly higher than that in the shallow observation bore.  Also, the salinity of
the groundwater at site 00DW09 was much lower than at the sites to the north.  The
implications are that the groundwater bodies monitored at site 00DW08 (and those to
its north) are different to and separated from those monitored at site 00DW09, and
that a groundwater barrier exists between the two sites.  The relatively high pressure
in the deep piezometer at site 00DW09 indicates that groundwater outflow from
below that site is also restricted.
The genesis of the biotite schist encountered at site 00DW08 is not known, but it is
possible that it is the result of shearing along a fault zone.  Fault zones can act as
groundwater carriers, groundwater barriers, or both.  There is not enough information
to confirm the presence of fault zones below Dowerin, or, if they are present, to
determine their influence on groundwater flow.
2.4.3 Salinity risk
The depth to the watertable throughout Dowerin is strongly related to topographic
location.  The watertable is much deeper (e.g. 9 m) at sites high in the landscape
than at sites low in the landscape (e.g. 1 to 2 m).  Groundwater level data collected
over the last two years (Figure 2-1) may indicate that the watertable beneath
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Dowerin is rising, but the monitoring period was too short and the readings too
infrequent to provide reliable trends.  It is essential that the piezometer and
observation network is monitored frequently, regularly and for a long period so that
risk of further salinity damage can be assessed.
2.5 Management options
There are two main approaches to dealing with shallow groundwater levels and
discharge:  treat the cause by reducing groundwater recharge;  treat the problem by
abstracting groundwater.
2.5.1 Recharge reduction
It seems likely that groundwater levels below the town of Dowerin are influenced by
recharge occurring within the town and below the agricultural land surrounding it.
There are more opportunities for reducing recharge within a townsite than below the
surrounding agricultural land.
Recharge could come from rain falling on the area, surface water running onto the
town from the slopes, and from the water supplies piped into the town.
Within the town, recharge can be assumed to occur below any ground that is not
covered with an impermeable surface or with healthy and vigorous, unwatered,
perennial vegetation.  Recharge is likely to be greatest below any drains, dams or
pools that leak;  below watered gardens, parks and ovals;  below areas which are
affected by floods or which collect run-off from impermeable areas;  below leaking
water pipes;  and below areas of bare ground or ground which grows only annual
plants.  The soil types in some areas may make them more susceptible to recharge
than other areas (e.g. sandy soils compared to clayey soils;  well-structured clay soils
compared to massive clay soils).
Some townsite recharge reduction options have beneficial side-effects (e.g. reduced
water supply costs and dependence, less waste of good quality rain water, less
infrastructure damage from surface run-on).  It would be wise to make such
beneficial changes soon rather than wait for long-term groundwater information.
Some measures to consider are:
• checking for and mending leaks from water pipes, drains, dams, ponds and
pools;
• monitoring the amount of water required by gardens, parks and sports
grounds and avoiding overwatering;
• encouraging residents to replace some of their imported water supplies with
water harvested from their own hard surfaces (rooves, drives);
• preventing surface water from ponding in areas where it may become
recharge — in particular, the drain between Stewart Street and the railway line
requires maintenance (especially removal of sediment) so that water that
enters it drains away readily;
• growing perennials on any bare land, or land with only annual plants.
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The Water Corporation has an interest in reducing wastage of the water it supplies,
and could be approached for assistance with some steps.
Groundwater level monitoring should continue after any changes are made so that
the impacts can be assessed.
2.5.2 Groundwater abstraction
Groundwater abstraction by pumping from bores may be an effective option in some
towns.  However, groundwater drainage is unlikely to be effective as it only lowers
groundwater levels along narrow zones on either side of the drain.  The three-day
groundwater pumping test in Dowerin only lowered the watertable about 0.1 to 0.2 m
at a monitored site 43 m away, and about 0.4 m at a site 19 m away.  The water level
in the pumped bore appeared to have reached steady-state, so it is unlikely that the
drawdowns at the monitored sites would have increased significantly with a longer
test.  It is not known whether a higher pumping rate would have had a markedly
greater impact.  Therefore, it is not clear whether groundwater pumping would be an
effective way to lower groundwater levels below Dowerin.  As groundwater
abstraction is expensive, may cause settlement damage to buildings and
infrastructure, and the pumped water has to be carefully used or evaporated to avoid
causing problems elsewhere, the option would need careful and thorough
investigation before being implemented.
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3. Groundwater flow modelling
Authors:  Anthony Barr and Daniel Pollock (CSIRO)
Section 2 discussed a combination of management approaches which could be
effective in Dowerin.  This section describes a computer groundwater modelling
study that aimed to assess the impacts of a selection of possible strategies.
Note that the modelling was based on limited data and a large number of
assumptions and the results should be used with great caution (see warnings
in Section 3.4).
Firstly, a suitable conceptual model was constructed based on the information
gained from the drilling investigation and the pumping test, together with topographic
and climatic data.  This conceptualisation was adapted to the groundwater simulation
program MODFLOW (McDonald and Harbaugh 1988) coupled with the pre- and
post-processor Visual MODFLOW Version 2.8 (Waterloo Hydrogeologic 2000) and
was then calibrated in steady-state against observed groundwater levels.  The
calibrated model was used to simulate the effects of four different strategies:  'do
nothing differently', groundwater abstraction by pumping, groundwater abstraction by
drainage and tree planting.
Sections 3.1 and 3.2 describe the construction of the conceptual and computer
models and the calibration of the computer model.  The strategy simulations and
their results are presented in Section 3.3 and discussed in Section 3.4.
3.1 Model construction and conceptualisation
Conceptually, the groundwater model consisted of two layers:  the alluvium and
saprolitic clays ('Layer 1') and the saprolite grits ('Layer 2').  Both layers were
included within the model as aquifer layers.
Inflow to the model domain, illustrated in Figure 3-1, was assumed to be through
lateral flow from the eastern boundary of the townsite.  Discharge from the area was
assumed to be through a drain located close to the western boundary, and the
western boundary itself.  The model domain extended 1.58 km from east to west and
1.46 km from north to south and its origin was at 502540 mE and 6548480 mN
Australian Geodetic Datum 1984 (AGD84).  This incorporated the majority of
monitoring sites in the town.  Each cell in the domain was 20 m by 20 m, resulting in
97 columns and 73 rows for a total of 5,767 cells.
The top of the uppermost layer was taken as the land surface, which was extracted
from 2 m-contour digital elevation models (DEMs) for the catchment (produced by
the Spatial Resource Information Group, Agriculture Western Australia).  The depth
to the base of each layer and depth to bedrock were interpreted from borehole logs
and interpolated using inverse distance weighting to a 25 m by 25 m grid covering
the model domain.  These depths were subtracted from the surface levels to create
the upper and lower boundaries for the various layers.  These were imported into
Visual MODFLOW and interpolated onto the model grid.
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The regional groundwater flow was thought to be from east to west.  However, the
southern part of the town is positioned along a bedrock high which acts as a
catchment divide.  Therefore, some of the southern part of the town was excluded
from the model.
Figure 3-1.  Modelled region with boundary conditions (dark lines along left and right
edges show the general head boundary in the west and the specified head
boundary in the east; the light grey line in the centre left is the drain position;
the heavily shaded area at the bottom was excluded), bore locations and grid
(boundary scales are in metres, top of map is north)
3.2 Steady-state model calibration
Regional indications of a rising watertable imply that the groundwater is in a state of
flux.  However, the absence of long-term water level records within the town meant
that some assumptions had to be made about the system.  It was assumed in this
groundwater modelling that the heads measured on 24 August 2000 were indicative
of the steady-state groundwater system under the current climatic and land-use
conditions.
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The two quantities considered for calibrating the system were the hydraulic
conductivity of the layers, in both the horizontal and vertical directions, and the net
annual recharge to the groundwater of the system.  Indicative values of these
quantities were estimated from the pumping test results for the hydraulic conductivity
and from the average annual increase in the watertable for the recharge.  The
pumping test calculated the hydraulic conductivity of the system to be approximately
0.5 m/day, which is consistent with the results of George (1992) for the saprolitic
grits.  However, for the clays, George estimated that the conductivity was an order of
magnitude less.  The rate of rise of the watertable in the region was conservatively
estimated to be 0.10 m/year.
The effect of calibrating against the heads of a non-equilibrium system are, where
the elevation of the watertable is increasing, that the parameterisation of the system
will be a trade-off between underestimating the recharge and overestimating the
hydraulic conductivity.  Thus, the response times of the aquifer in this modelling will
be quicker than the response time of the aquifer.  However, without longer data sets
or starting the modelling from when the system was last in a steady state, prior to
clearing, for the whole catchment, this method will at least provide an indication of
the processes that are occurring within the town.
The inflow boundary in the eastern part of the townsite was simulated using a
constant head of 277.83 m above AHD, based on the heads in nearby bores, while
the outflow boundary to the south was simulated using a general head boundary.
This boundary consisted of an external head of 263 m above AHD and a
conductance of 0.089 m2/d for the upper layer and 0.076 m2/d for the lower layer.
Due to parallel lines of equipotential running from east to west, the southern and
northern boundaries were taken as no-flow boundaries.  The southern boundary
extended along a bedrock ridge, and cells south of that ridge were excluded from the
simulation.
Recharge was applied uniformly over the modelled region and taken as 5 per cent of
the annual average rainfall of 367 mm/year (Bureau of Meteorology 2000, pers.
comm.).  An additional process of evaporation from the watertable was also included
in the model.  This evaporation occurs at the given rate of 365 mm/year (1 mm/day)
if the watertable is at the land surface.  It drops off linearly to zero at the extinction
depth.  Within the MODFLOW model, this process is misleadingly known as
evapotranspiration.
A drain was simulated, running north for 200 m along the railway before heading
directly west 600 m north of the southern boundary of the model domain.  The drain
elevation falls from 272.5 m to 271.7 m above AHD along its length, and was
assumed to have a conductance of 10 m2/d.  The drain base is approximately 1.0 m
below the ground surface.
Calibration of the steady-state model was accepted with a standard error of the
estimate of 0.10 m for the groundwater levels measured on 24 August 2000.  The
measured and calibrated heads exhibited good agreement in both layers of the
model, with a single overestimate of heads in the upper layer at the eastern side of
the domain.  The parameters used to achieve this are listed in Table 3-1.  The
hydraulic conductivity for both layers was taken as spatially uniform over the layer.
The resulting depths to the groundwater for the calibrated model are shown in a map
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in Figure 3-2 and along a cross-section in Figure 3-3.  Travel times below the
townsite were about 40 years.
The model was quite sensitive to the selection of hydraulic conductivity and
recharge.  However, as mentioned above, calibration of this system is a trade-off
between higher hydraulic conductivities and lower recharge rates.  Therefore,
although this is considered to be a good estimate of the parameters of the system, it
is not a unique fitting of the data, and other parameterisations with increased
recharge and hydraulic conductivities, or decreased recharge and hydraulic
conductivities would also fit the measured levels.
Figure 3-2.  Depth to groundwater for steady-state simulation (contour intervals are
1 m)
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Figure 3-3.  West to east cross-section along 6649210 mN gridline for all simulations
Table 3-1.  Parameters used for the Dowerin model
Layer
Parameter 1 2
Horizontal hydraulic conductivity (m/day) 0.25 2.00
Vertical hydraulic conductivity (m/day) 0.05 0.20
Storativity (m-1) 0.0003 0.0003
Effective porosity 0.1 0.1
Recharge (mm/year) 18.4
Groundwater evaporation (mm/year) 365
Groundwater evaporation extinction depth (m) 1.0
3.3 Dynamic simulations of strategies
The dynamic simulations extended over 30-year periods.  It was assumed that the
watertable would rise at the conservative rate of 0.1 m/year along the western and
eastern boundaries.  In using the calibrated steady-state model to predict the effects
of management strategies after 30 years, the values of specific yield and confined
storage coefficients in Table 3-1 were applied.  The storage coefficients were close
to those obtained from the pumping test results.
The different strategies that were modelled were meant to be indicative only.  They
gave an indication of what might be expected from such approaches prior to
conducting more extensive tests.
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3.3.1 'Do nothing differently' strategy
The 'do nothing differently' strategy assumed that no changes in groundwater
management would occur.  The resulting depth to the watertable is shown in Figure
3-4.  The elevation of the watertable on a cross-section through the town is shown in
Figure 3-3.  This model predicted that without remedial action a large part of the
modelled area could eventually have a shallow watertable of 2 m or less from the
ground surface.  The western edge of the town is most at risk, with the watertable
closer to the surface on the northern edge of the town.
Figure 3-4.  Depth to groundwater after 30 years ) for 'do nothing differently'
simulation (contour intervals are 1 m)
3.3.2 Groundwater pumping strategy
The use of a set of five pumped bores along the western edge of the town, all
pumping at a rate of 20 m3/d, was simulated to investigate whether such activities
might reduce the watertable rise.  The position of the modelled pumped bores is
shown in Figure 3-5.  The rate of 20 m3/d was chosen; it is only slightly smaller than
the estimated safe yield from in the pumping test (0.3 L/s, 26 m3/d).  The depth to the
watertable after 30 years is shown in Figure 3-6, and the elevation of watertable
along the cross-section is shown in Figure 3-3.  The results predicted that the 2 m-
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deep watertable contour would be mostly to the west of the town infrastructure.  The
modelling indicated that pumping is an option to lower the watertable.
Figure 3-5.  Modelled region with management options (the objects in the west
represent the locations of the simulated pumps;  the light grey represents the
simulated drains;  the dark area in the middle represents the areas planted to
trees; boundary scales are in metres, top of map is north)
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Figure 3-6.  Depth to groundwater after 30 years for pumping simulation (contour
intervals are 1 m)
3.3.3 Groundwater drainage strategy
The deepening and extension, to both the north and the south, of the existing drain
was also simulated to investigate whether it would reduce the watertable rise.  The
existing drain was deepened by 1.0 m and the drain was extended to an elevation of
275 m above AHD in the north and to 272 m above AHD in the south, as shown in
Figure 3-5.  The depth to the watertable after 30 years is shown in Figure 3-7 with
the watertable elevation along the cross-section in Figure 3-3.  The modelling results
show that the 2 m-deep watertable contour would be mostly to the west of the town
infrastructure except on the northern edge of the town.
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Figure 3-7.  Depth to groundwater after 30 years for drainage simulation (contour
intervals are 1 m)
3.3.4 Tree planting strategy
The effect of planting trees in unbuilt areas in the north-eastern part of the town was
also investigated.  The location of the modelled planting is shown in Figure 3-5.  The
effect of planting the trees was assumed to reduce the recharge in the planted area
to zero.  The modelled depth to the watertable after 30 years is shown in Figure 3-8
and the watertable elevation along a cross-section in Figure 3-3.  The 2 m-deep
watertable contour from these results is similar in the southern part of the town to
that of the 'do nothing differently' scenario, and although the watertable was lowered
in the region around the planting, there was little impact in the surrounding area.
Thus, if the model results were realistic, tree planting would not lower the watertable
effectively and is therefore not a feasible option for reducing the rising watertable.
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Figure 3-8.  Depth to groundwater after 30 years for tree planting simulation (contour
intervals are 1 m)
3.4 Discussion of groundwater modelling
The groundwater modelling in Dowerin was undertaken using limited data.
Therefore, the results are indicative only and may not represent what is happening in
the town.
Models should be calibrated for several dates to cover the range of groundwater
levels that occur.  Because of limited groundwater level data, the model was only
calibrated in steady-state against the heads measured in August 2000.  The
assumption of a steady-state groundwater system is inappropriate, but represents
the best method for applying a groundwater model to the town.
Models should also be validated using independent data sets.  Since no independent
data were available, the model was not validated.
The model results are sensitive to both the recharge rate and values of hydraulic
conductivity used, but the values used were only estimated from limited information
or assumed.
The model assumed that groundwater discharged into the drain (Figure 3-1).  The
drain was installed to take surface water away from the townsite.  Groundwater
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levels in the nearby monitoring sites were lower than the water level in the drain
when observed during two site visits (in November 2000 and May 2001).  Therefore,
if groundwater does discharge through the drain, the amount is likely to be limited.
Assumptions were made about groundwater levels along the boundaries of the
modelled area, although it is not known whether they are stable or rising over the
long-term, nor how the rates of change vary along the boundaries.  If the rate of
watertable rise is quicker or slower than the rate assumed, then the effects will be
correspondingly sooner or later.  The chosen model boundaries did not take the
possible roles played by geological structures (such as dykes and faults) into
account.
The model results are very dependent on the DEM data (which represents the land
surface elevation).  It is possible that there are inaccuracies in the DEM data set.
Recharge was applied evenly across all of the modelled area, but in reality it will vary
spatially.  Recharge below unvegetated areas and areas of annual plants (weeds,
grasses, etc.) is likely to be greater than below areas covered by buildings or
impervious surfaces, or under perennial vegetation.  Since the area which was
'planted' with trees in the model (Section 3.3.4) is an area which is currently under
annual vegetation in winter, the reduction in recharge is likely to be greater in reality
than that assumed in the model.  Therefore, revegetation is likely to be a more
effective option than the model indicated.
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4. Flood risk analysis
Author:  Ali Mahtab (Agriculture Western Australia)
4.1 Objective of this study and approach
The objective of this part of the Community Bores Project was to determine the flood
risk (high, moderate or low) of the town to assess how frequently substantial volumes
of flood water provided a potential source of groundwater recharge.  This was done
by calculating the peak flood flow generated by all of the catchment for the town and
the run-off generated within the townsite, and comparing these with the flow
accumulation characteristics of the catchment.
The Urban Drainage Design (UDD) model was used to calculate peak flows for the
catchment for the town because it accounts for the spatial variation in flow rates
across catchments, whereas some other methods (e.g. Rational and Time-Area
approaches) assume flow is uniform across catchments.  The UDD model also
allows precipitation rate, catchment slope, surface roughness, interception,
depression storage, infiltration and evaporation to be considered.  The procedures
used are discussed in detail in Ali et al. (2001).
The peak flood flows were calculated for 2-, 5-, 10-, 20-, 50- and 100-year average
recurrence intervals (ARIs) based on historical events.  The run-off volumes
generated by pervious and impervious (i.e. high run-off generating) surfaces within
the townsites were calculated for 20-, 50-, and 100-year ARIs.
4.2 Input data
The information required to run the UDD model and calculate the run-off volumes
was derived from available sources and from a site visit.
4.2.1 Available information
The following information was collated for the Dowerin catchment:
• rainfall intensities (estimated from Institution of Engineers 1987);
• 2-metre elevation contours derived from a digital elevation model (DEM)
produced by the Department of Land Administration.
4.2.2 On-site observations – structures influencing surface water flow
Nearly all of the town roads are kerbed with inlet pits and a well-designed drainage
system was completed for the town in 1999-2000.  Few residents discharge roof run-
off into the street drains.  The town has an efficient sewerage system and all homes
are connected to it.  Winter flows reaching the town dam from Tin Dog Creek used to
be problem for the town, however, a barrier now diverts this water around the town
so that just street run-off reaches the dam.  The street run-off is collected via a 1 m-
deep drain that runs between the railway line and Stewart Street in the northern part
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of the town.  Residents of the town have reported some flooding problems in
Memorial Avenue after heavy rainfall.
4.2.3 Derived information used in the calculations
A grid of the study area was derived from the DEM and this was used to predict flow
directions, flow accumulations, streamlines, watershed boundaries, and slope and
length of the streams.  Details of the procedures used to create the grid are given in
Ali et al. (2001).
Observations made during the site visit and interpretations of aerial photographs and
the elevation contours were used to derive the following:
• area of catchment (pervious and impervious);
• area generating high run-off;
• area generating high recharge;
• infiltration (maximum and minimum likely rates);
• roughness coefficient (Manning’s n).
A report by Ali et al. (2001) contains descriptions of how the information was used in
the UDD model and how run-off volumes for the town catchment were estimated.
Run-off volumes were calculated separately for the 'pervious' parts of the town and
for the 'impervious' (i.e. high run-off generating) areas using run-off coefficients of
0.1 for the former and 0.9 for the latter.
4.2.4 Model calibration
To ensure that the best results are obtained using UDD modelling, the model should
be calibrated using actual flow data.  However, as there is no gauging station in the
Dowerin town catchment, parameters used for a calibrated model derived for the
Moora townsite (Ali et al. 2001) were substituted.
4.3 Results
Results of peak flow and run-off calculations are summarised in Tables 4-1 and 4-2.
Table 4-1.  Peak flood flow for the Dowerin town catchment
ARI
(years)
Peak flood flow
(m3/s)
2 2.8
5 4.2
10 7.5
20 13.9
50 20.6
100 41.5
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Table 4-2.  Run-off volumes for the pervious and impervious areas of the
townsite generated by rainfalls of various ARIs, durations and
intensities
Run-off volumeAverage
recurrence
interval
Rainfall
duration
Rainfall
intensity Rainfall Pervious
area
Impervious
area
(years) (hours) (mm/h) (mm) (m3) (m3)
20 1 28.00 28.00 1,800 8,800
6 8.50 51.00 3,300 16,100
24 3.25 78.00 5,100 24,600
50 1 35.00 35.00 2,300 11,000
6 11.00 66.00 4,300 20,800
24 4.00 96.00 6,200 30,200
100 1 40.00 40.00 2,600 12,600
6 12.50 75.00 4,900 23,600
24 4.50 108.00 7,000 34,000
4.4 Flood risk assessment
The criteria to classify a town's relative flood risk level were based on the calculated
rates of flow and the accumulation potential of the townsite and the catchment above
the town.  The accumulation potential depends on the relative magnitudes of the
potential inflows and outflows.  The peak flood flows for the catchment for 20-, 50-
and 100-year ARIs for storms of 24 hours duration were compared to the catchment
area, the accumulation potential of the catchment and the flow generated within the
townsite.  Table 4-3 shows the flood risk to the town of Dowerin for 20-, 50- and 100-
year ARI storm events of 24 hours duration.
Table 4-3.  Flood risk to the Dowerin townsite for 20-, 50- and 100-year ARI
storm events of 24 hours duration
ARI
 (years)
Peak flood flow
for entire
catchment (m3/s)
Volume of flood
generated by
townsite (m3)
Accumulation
risk
Flood
risk
Overall
flood risk
20 13.9 29,600 Low Low
50 20.6 36,500 Low Low
100 41.5 41,000 Med Med
Low
Dowerin is at overall very low risk from flooding from storm events with up to 50-year
ARIs and at low risk from storms with 100-year ARIs.  Localised flooding may be
associated with rainfall events with ARIs greater than 50 years, but there is no threat
for most of the town infrastructure, except that at relatively low elevation.
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4.5 Warning
The peak flood flow and run-off values estimated in this report should not be used as
inputs for the design of any engineering structures such as drains, culverts or
diversion banks as the input parameters used for this study would not be suitable for
such uses.  It is recommended that for any specific use the peak flood flow should be
estimated again for the conditions existing in the catchment at that time.  Detailed
descriptions of the input parameters for this study and their limitations are in Ali et al.
(2001).
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5. Conclusions and recommendations
Shallow groundwater is causing problems in western parts of the Dowerin townsite,
and the watertable may be rising.  It was assumed that the groundwater levels below
the town are affected by recharge within the townsite zone and by groundwater
flowing in from below surrounding agricultural land, and possibly occasionally from
below land downslope of the town, to its west.  There is not yet enough information
to determine when and where most recharge occurs.  However, some general
recommendations for managing the risk can be made.  There are opportunities to
reduce townsite recharge immediately, and some of these would have additional
benefits.  Groundwater abstraction may not be effective because the geological
characteristics of the townsite would limit the zone of impact to small areas.  Before
groundwater pumping is considered further, the possible damaging impacts and
costs should be determined.
5.1 Recommendations
1. Reduce townsite recharge where there are additional benefits in doing
so, giving particular regard to surface water management.  Consider
taking the steps listed in Section 2.5.1.
2. Measure groundwater levels in the monitoring network monthly and
analyse and review them annually.  Continue to do so for at least 10 years
to determine whether groundwater problems are worsening and where and
when most recharge occurs.
3. Assess the current and future costs of groundwater damage in the
townsite.
4. Use the results of the second and third steps to determine whether to
investigate groundwater abstraction by pumping further.
5. If groundwater pumping is to be pursued, conduct long-term pumping
tests, and use the results to model a range of pumping scenarios to
determine whether pumping will be effective, and if so, determine the
number and locations of required production bores and the necessary
pumping rates.
6. If the fifth step indicates pumping would be effective in lowering
groundwater levels below the town, assess the geotechnical impacts that
groundwater abstraction will have on townsite infrastructure.
7. Assess the options for use or disposal of the pumped groundwater.
8. Determine costs of the pumping system, the costs of the damage it may
cause and the costs of use or disposal of the pumped water.
9. Decide whether to go ahead with groundwater abstraction.
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Appendix 1.  Groundwater level depths, electrical
conductivity and pH values
A1.1 Groundwater level depths
Table A1-1.  Groundwater level depths below ground level (in metres) October
1998 to August 1999 (from Walker 2000)
Bore name 16/10/98 8/11/98 31/03/99 7/04/99 22/04/99 9/06/99 19/08/99 26/08/99
AWFD 5.47 5.36 5.42 5.65
LCC1 2.23 2.32 2.57 2.58 2.50 2.08 2.00 1.93
EHMA 9.55 9.70 9.56 9.51 9.43 9.43 9.33 9.29
HGJR 9.92 dry 10.61 11.17 dry 10.73 11.15
NEDB 11.30 dry dry dry dry dry
PSWR 0.66 0.79 1.05 1.00 0.92 0.78 0.42
LCC2 2.40 2.68 2.58 2.52 2.37 1.99
SWDB 1.28 1.35 0.73 1.37 0.82 0.51 0.52
RSO 6.63 6.70 6.70 6.75 6.68 6.63 6.58 6.55
Table A1-2.  Groundwater level depths below ground level (in metres)
September 1999 to November 2000 (from Walker 2000 and
Agriculture Western Australia's AgBores database)
Bore
name
17/09/99 1/11/99 16/02/00 19/04/00 23/06/00 6/07/00 25/07/00 24/08/00 21/11/00
AWFD 5.25 5.16 5.32 5.19 5.28
LCC1 1.90 1.50 1.79 2.23 2.30 2.15 2.2
EHMA 9.29 9.04 8.89 8.99 9.07 8.98 9.06
HGJR 10.75 9.67 10.60 10.73 10.65
NEDB 12.05 12.17 dry dry dry
PSWR 0.14 0.84 0.77 0.61 0.66
LCC2 2.00 1.72 1.84 2.29 2.35 2.19 2.23
SWDB 0.74 0.81 1.30 1.13 1.00 1.23
RSO 6.56 6.17 6.06 6.27 6.34 6.24 6.22
LCC3 1.24 1.94 1.96 1.81 1.96
LCC4 1.35 1.74 1.94 1.84 1.89
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Table A1-3.  Groundwater level depths below ground level (in metres) in
monitoring and production bores of the Community Bores Project
from June to November 2000 (AgBores database)
Bore name 23 June 2000 25 July 2000 24 August 2000 21 November 2000
00DW01D 3.68 3.84 3.74 3.86
00DW01OB 3.48 3.62 3.53 3.66
00DW02D 4.23 4.39 4.27 4.36
00DW02OB 4.25 4.42 4.30 4.39
00DW03D 1.96 2.11 1.99 2.01
00DW03OB 1.77 1.93 1.80 1.81
00DW04D 3.41 3.52 3.38 3.39
00DW04OB 3.42 3.53 3.39 3.39
00DW05D 7.10 7.20 7.06 7.12
00DW05OB 6.85 6.95 6.83 6.89
00DW06D 7.04 7.10 6.95 7.03
00DW06OB 7.00 7.04 6.88 7.00
00DW07D 1.81 1.89 1.72 1.73
00DW07OB 1.70 1.71 1.55 1.64
00DW08D 1.73 1.77 1.61 1.69
00DW08OB 1.74 1.66 1.55 1.66
00DW09D 3.45 3.57 3.43 3.54
00DW09OB 5.34 4.66 4.64 4.89
00DW10D 1.77 1.81 1.64 1.70
00DW11D 1.74 1.80 1.63 1.67
00DW11OB 1.62 1.56 1.38 1.65
00DWP01 1.81 1.85 1.69 1.72
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A1.2 Groundwater electrical conductivity and pH measurements
Table A1-4.  Groundwater electrical conductivity (EC, in mS/m) and acidity (pH)
June  to August 2000 (1998 and 1999 data from Walker 2000;  2000
data from Agriculture Western Australia monitoring)
8/11/98 1/11/99 23/06/00 25/07/00 24/08/00
Bore name EC EC EC pH EC pH EC pH
AWFD 919 646 6.9 669 6.7 664 6.5
LCC1 996 6.8 993 6.8 999 6.8
EHMA 695 6.2 576 6.3 664 6.2
HGJR 1340 4.3 1610 4.1
NEDB
PSWR 1134 7.2 1191 6.9
LCC2 1044 864 7.2 863 7.2 865 7.1
SWDB 1308 713 6.6 360 6.3 41 6.3
RSO 1294 904 6.5 1146 6.4 887 6.4
LCC3 2020 53 7.0 55 6.9 89 7.1
LCC4 404 7.3 170 7.2 229 7.2
00DW01D 1032 6.6 1032 6.5 1029 6.6
00DW01OB 1054 7.2 486 7.3 214 7.6
00DW02D 717 7.2 718 7.4 717 7.4
00DW02OB 197 7.4 194 7.5 193 7.5
00DW03D 959 6.2 959 6.3 957 6.4
00DW03OB 538 7.2 510 7.4 500 7.5
00DW04D 1104 6.4 1084 6.4 1074 6.4
00DW04OB 1870 7.2 1900 7.2 1920 7.3
00DW05D 1094 6.3 1022 6.4 1016 6.5
00DW05OB 634 7.3 669 7.2 685 7.2
00DW06D 694 6.3 699 6.3 698 6.2
00DW06OB 164 7.7 167 7.2 270 7.2
00DW07D 1040 6.7 1045 6.8 1037 6.9
00DW07OB 150 7.7 142 8.0 112 8.2
00DW08D 1505 6.7 1500 6.9 1490 6.9
00DW08OB 519 7.5 284 7.6 303 7.6
00DW09D 326 7.2 331 7.4 384 7.7
00DW09OB 274 7.1 295 7.2 319 7.4
00DW10D 1158 6.9 1143 6.9 1132 7.1
00DW11D 1033 6.5 1031 6.6 1030 6.8
00DW11OB 92 7.6 105 6.7 91 6.7
00DWP01 954 7.7 765 7.7 943 7.4
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A1.3 Groundwater level elevations
Table A1-5.  Groundwater level elevations above Australian Height Datum for
Community Bores Project piezometers and bores on four dates in
2000
Groundwater level elevation above Australian Height Datum (m)
Bore name 23/6/00 25/7/00 24/8/00 21/11/00
00DW01D 277.1 277.0 277.1 276.9
00DW01OB 277.4 277.3 277.3 277.2
00DW02D 277.4 277.2 277.4 277.3
00DW02OB 277.4 277.3 277.4 277.3
00DW03D 275.4 275.2 275.3 275.3
00DW03OB 275.6 275.5 275.6 275.6
00DW04D 273.4 273.2 273.4 273.4
00DW04OB 273.4 273.3 273.4 273.4
00DW05D 275.3 275.2 275.3 275.2
00DW05OB 275.5 275.4 275.6 275.5
00DW06D 277.5 277.4 277.6 277.5
00DW06OB 277.6 277.5 277.7 277.6
00DW07D 272.6 272.5 272.6 272.6
00DW07OB 272.7 272.6 272.8 272.7
00DW08D 271.9 271.8 272.0 271.9
00DW08OB 271.9 272.0 272.1 272.0
00DW09D 269.8 269.7 269.9 269.7
00DW09OB 268.0 268.7 268.7 268.5
00DW10D 272.3 272.3 272.5 272.4
00DW11D 272.5 272.4 272.6 272.5
00DW11OB 272.6 272.7 272.9 272.6
00DWP01 272.4 272.4 272.5 272.5
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Appendix 2.  Pumping Test
Author:  Ron Colman (Test Pumping Australia)
As part of the hydrological investigation of Dowerin, a pumping test was carried out in
the production bore (00DWP01).  It aimed to establish aquifer parameters for use in
the groundwater modelling study (Section 3).
A2.1 Method
Test Pumping Australia was contracted to carry out and analyse the pumping test.
Two parts to the test were performed between 27 July and 5 August 2000.  The first
part was a multi-rate test (a series of step increases in the pump rate, with the
discharge being maintained at a constant value within each step).  The results of this
were assessed before setting the pump rate for the second part, which was a
constant rate test.
The static water level in the bore prior to the multi-rate test was 2.805 m below the
reference point (which was 1.1 m above ground level).  The test was conducted on
27 July 2000 with four 30-minute steps at discharge rates of 0.10, 0.40, 0.70 and
0.85 L/s.
The constant rate test started on 2 August 2000 and lasted 4,350 minutes
(72.5 hours) at a pumping rate of 0.3 L/s.  The drawdowns in the production bore, in
four deep piezometers and three observation bores (at sites 00DW07, 00DW08,
00DW10 and 00DW11) were measured at intervals throughout.  The rate of recovery
of water level in the bore was measured at the completion of the test.
During the tests, the flow rate was monitored using an orifice weir assembly and
water levels were measured using an electric water level probe.
Table A2-1 summarises relevant details.
Table A2-1.  Details of the pumping test
Pump inlet depth below ground level 30 m
Available drawdown in production bore 27 m
Pump electric submersible
Computerised calculations of aquifer parameters were made.
A2.2 Results
A2.2.1 Multi-rate test
The total drawdown in the production bore at the end of the multi-rate test was
28.065 m.  The multi-rate test data are presented in Figure A2-1 as a plot of
drawdown versus time for each of the four steps.
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Figure A2-1.  Drawdown versus time for the multi-rate test
A2.2.2 Constant rate test
Total drawdown in the production bore at the end of the constant rate test was
9.44 m.  The drawdown data for the production bore and for the piezometers and
observation bores which were monitored are presented in Figures 2-6 to 2-8 in
Section 2.3.5 as plots of drawdown versus time and details are listed in Table A2-2.
A2.2.3 Aquifer parameters
A summary of the calculated aquifer transmissivities is presented in Table A2-2 and
of other parameters and measurements made during the test in Table A2-3.
Warning:  The drawdown data were only analysed using computerised
methods designed for homogeneous, isotropic confined and unconfined
aquifers of large areal extent.  Since the production bore intercepted several
aquifer zones and the piezometers monitored only restricted intervals, the
results should only be considered as indicative.
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Table A2-2.  Production bore, monitoring site details and transmissivity values
(see 'Warning' above)
Transmissivity (m2/day)
Bore name
Intake
interval
above AHD
(to nearest
metre)
Lateral
distance
from pump
(m)
Final
drawdown
(m)
Cooper and
Jacob (time-
drawdown)
Theis (curve
fitting)
Theis & Jacob
recovery
00DWP01 241-269 0.1 9.44 6 2 5
00DW07D 240-242 41.7 0.27 20 34 22
00DW07OB 268-272 42.7 0.12 NA NA NR
00DW08D 244-246 150 0.35 21 74 NR
00DE08OB 268-272 149 0.07 NA NA NR
00DW10D 239-241 35 1.04 11 13 14
00DW11D 241-243 20 1.34 10 8 12
00DW11OB 268-272 19 0.38 NA NA NR
AHD:  Australian Height Datum;  NA:  analysis not relevant;  NR:  no recovery
Table A2-3.  Summary of measurements and calculated parameters
Parameter or measurement Results
Aquifer thickness (m) 31
Well loss Low – 14.5%
Electrical conductivity (mS/m) 1080
Acidity (pH) 6.2
Safe yield (L/s) 0.3
Note:  Test Pumping Australia considered that the constant rate pumping test
indicated that the bore might be capable of maintaining a long-term abstraction rate
of 0.3 L/s (about 26 m3/day).  At this rate, they expected that there would be
drawdown effects from pumping up to 300 m from the production bore.  However, at
the end of the test, the drawdown was less than 10 m but had approached steady
state.  This implies that the pumping rate was low for the conditions being tested.













